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Table 1. Irrigation Pumping Equipment Efficiency
Irrigation Pumping Plant Components
An irrigation pumping plant has three major com-
ponents: a power unit, a pump drive or gear head
and the pump assembly. The pump lineshaft and the
motor shaft of electric-powered pumping plants are
usually direct-connected which eliminates the neces-
sity of a pump drive or gear head.
Pumping plant components in good condition and
carefully selected to match requirements of a spe-
cific pumping situation can operate at efficiencies
as high as those shown in Table 1. However, equip-
ment needing adjustment or repair or not matched
to the pumping application may operate at efficien-
cies far lower than those shown in Table 1.
Rapidly rIsmg energy prices have emphasized
dramatically that energy or fuel cost is a major por-
tion of the total cost of pumping irrigation water.
. Many irrigation farmers could reduce their energy
or fuel cost substantially by adjusting, repairing or
replacing inefficient pumping equipment because
inefficient pumping plants waste tremendous quan-
tities of energy or fuel. The first step toward more
efficient pumping plant operation is evaluation of
the performance of existing pumping plants. Infor-
mation needed to evaluate pumping plant perfor-
mance includes:
(1) the pumping rate,
(2) water level while pumping, or pumping lift,
(3) discharge pressure or head, and
(4) amount of fuel or energy used per hour.
This information is used to determine the pumping
plant performance level, a value similar to miles per
gallon of gasoline for an automobile. Comparison of
actual performance with a performance standard
for an efficient pumping plant makes it possible to
estimate how much energy or fuel cost could be re-
duced by increasing pumping plant efficiency.
* Extension agricultural engineer, The Texas A&M
University System.
Type
Centrifugal-type pumps
(including vertical turbine pumps)
Right angle pump drive (gear head)
Automotive engines
Industrial engines
Diesel
Natural gas
Electric motors
Attainable Efficiency
percent
75-82
95
20-26
25-37
24-35
85-92
Texas Agricultural Extension Service-The Texas A&M University System-Daniel C. Pfannstiel, Director-College Station, Texas
ENGINE lOSS=72·'.
Overall efficiency is the ratio of power output to
power input and can be expressed by the formula:
. Power outputOverall EffiCIency = X 100 %
Power input
x 100%whp X 2,545 Btu/hp x hour
Btu energy value of fuel used per hour
FUEL INPUT
100'"
Overall efficiency is also equal to the product
of the efficiencies (as a decimal fraction) of each
component of the pumping plant as expressed in the
formula:
Overall efficiency = Power unit efficiency
x Pump drive efficiency x Pump efficiency
This formula indicates the adverse effect of any in-
efficient pumping plant component. Either an ineffi-
cient pump or power unit would decrease overall
pumping plant efficiency. If all components are in-
efficient, overall pumping plant efficiency can be
extremely low. In the study of pumping plants cited
earlier, 41 pumping plants powered by electric ver-
tical hollowshaft motors had an average overall effi-
ciency of 48.6 percent, but the overall efficiency
varied from 19.5 percent to 74.6 percent. The study
also included 46 pumping plants with natural gas
power units. The overall efficiency of these pump-
ing plants ranged from 2.5 percent to 20 percent
with an average of 10.76 percent. Overall efficiency
represented by the performance standard for irriga-
tion pumping plants is 16.95 percent for natural
gas-powered units, 20.1 percent for diesel and 66.2
percent for electric-powered pumping plants.
The effect of pumping plant efficiency on energy
. use and pumping cost can be seen by comparing the
least efficient and most efficient natural gas-fueled
pumping plants. If the two pumping plants were
producing water against the same total dynamic
head, the amount of energy consumed-and the fuel
cost-per unit of water would be 8 times greater
(20% -;- 2.5% = 8) for the inefficient pumping
plant.
A detailed pumping plant performance test can
determine the efficiency of the power unit and the
efficiency of the pump. The pump drive efficiency is
assumed to remain at about 95 percent as long as it
is operating satisfactorily. Determination of power
Overall Pumping Plant Efficiency
The overall efficiency of an irrigation pumping
plant indicates the percentage of energy or fuel con-
sumed that is converted to useful work. Useful work
accomplished by a pumping plant is conveniently
measured in water horsepower (whp) which is deter-
mined with the formula:
whp =
Gallons per minute X Total dynamic head in feet
3,960
Each centrifugal-type pump, including deep-well
vertical turbine pumps, is designed to operate at
peak efficiency under specific conditions of pump-
ing rate and total dynamic head. Pump efficiency of
75 to 82 percent can be realized when a pump in
good condition is operated under conditions exactly
matching design operating conditions. Decreased ef-
ficiency results if the pump is operated under condi-
tions other than those for which it was designed.
Worn or improperly adjusted pumps may also oper-
ate far below peak efficiency. A study of 134 irriga-
tion pumping plants in Texas found pump efficien-
cies varying from 6.2 to 82 percent. The average
efficiency of all 134 pumps was 52.2 percent.
. A right-angle pump drive or gear head is nor-
mally used to transmit power from an internal com-
bustion engine to vertical turbine pumps. The pump
drive gear ratio should allow both pump and engine
to operate at optimum speed. In addition, the horse-
power rating of the pump drive should meet or ex-
ceed the horsepower required by the pump and the
down-thrust capacity should be adequate for the in-
stalled pump. Right-angle pump drives are typically
about 95 percent efficient; that is, they transmit to
the pump shaft about 95 percent of the power re-
ceived from the engine.
Power units most often used for irrigation pump-
ing are electric motors, natural gas engines and die-
sel engines. Because of high fuel costs, gasoline and
LP gas engines are seldom used except for pumping
applications with low power requirements.
Power units should be selected to match the
power requirements of the pumping application.
Overloading a power unit may shorten its useful life
significantly while power units too big for the job
operate at reduced efficiency. Engine and motor ef-
ficiency as used here refers to the percentage of the
fuel or energy consumed which is actually con-
verted to useful power. The efficiency of electric
motors ranges from 85 to 92 percent. Large motors
(above 15 to 20 horsepower) are more efficient than
small motors. Automotive engines operate at effi-
ciencies of 20 to 26 percent. Efficiency of natural
gas and diesel industrial engines (engines designed
and built for stationary "industrial" applications)
ranges from 24 to 37 percent.
unit and pump efficiency requires measurement of
power unit output using a special drive shaft con-
taining a torque cell, or some other technique which
measures power unit output.
Overall performance of a pumping plant can be
evaluated by following a simplified procedure.
While the individual efficiency of the power unit
and the pump cannot be determined with the pro-
cedure, the overall performance can be determined
and compared with a standard which has been de-
veloped for irrigation pumping plants. When a
pumping plant is found to be operating below the
performance standard, further testing may be de-
sired. However, repair of the engine may improve
the performance to an acceptable level. Adjustment
of pump impeller clearance may improve perfor-
mance. Since the efficiency of electric motors varies
little, poor performance of an electric-powered
pumping plant usually can be attributed to low
pump efficiency. The simplified testing procedure
determines the overall level of performance of
a pumping plant and provides information which
can be used to estimate the amount of energy which
could be saved-and the potential reduction in
pumping cost-by adjusting, repairing or replacing
pumping equipment.
Performance Test
Information which must be obtained during the
performance test includes the pumping rate, the
pumping lift, the discharge pressure or head and the
amount of fuel or energy used per hour.
Pumping rate is usually measured in terms of
gallons per minute. Any method which provides
an accurate measurement of pumping rate may be
used. Common irrigation water measuring devices
include propeller-type flow meters, pipe orifices and
weirs.
The water level while pumping is measured in
feet from the center line of the discharge pipe with
an electric water level sounder or with an air line. If
water is discharged into a pipeline, the discharge
head or pressure must also be determined. Dis-
charge head in some pipeline systems can be deter-
mined by measuring the height of the water level in
the standpipe at the well. Again, the measurement is
made from the center line of the pump discharge
pipe. When the pump discharges into a closed pipe-
line, read the discharge pressure on a pressure gauge
at the pump discharge. Multiply the pressure read-
ing by 2.31 to change discharge pressure in pounds
per square inch to discharge head in feet. (Pressure
of one pound per square inch is equal to 2.31 feet of
head; or, generation of pressure of one pound per
square inch is equivalent to lifting water 2.31 feet.)
Other minor components of total dynamic head in-
cluding velocity head and friction head in the pump
column are usually small and can be neglected in
most cases.
Fuel or energy used per hour can be determined
from measured fuel consumption in gallons per
hour (gasoline, diesel) or from meter readings in
kilowatt hours per hour (electricity) or cubic feet
per hour (natural gas). Meter readings or fuel mea-
surements may be made over a period of a few sec-
onds, a few minutes or several hours. A reasonably
accurate determination of electrical energy use can
be made by counting the meter disc revolutions dur-
ing a short period of time and using the following
formula to determine kilowatt hours per hour.
KWH input/hour =
3.6 x Kh factor on meter x R disc revolutions
Time in seconds for R disc revolutions
Determination of fuel or energy consumption may
be more accurate when measured over longer time
periods. For example, natural gas meter readings
taken several hours apart produce more accurate
fuel consumption values than readings taken a
few minutes apart. Maintain uniform engine speed
throughout the test period between meter readings.
Remember that the value to be determined is the
amount of fuel or energy used per hour while pump-
ing at the measured rate against the measured total
head.
The measurements of pumping rate in gallons per
minute and total head (lift plus discharge pressure
or head) in feet are used to determine water horse-
power-the rate work is done by the pumping plant.
Water horsepower and the amount of fuel or en-
ergy used per hour are combined to establish pump-
ing plant performance in terms of water horsepower
hours per unit of fuel. This value, similar to mea-
surement of miles per gallon of gasoline for
an automobile, is then compared to a performance
standard which could be attained if all components
of a pumping plant were operating near peak
efficiency.
Steps for Evaluating
Pumping Plant Performance
The following steps outline the procedure for
comparing the performance of a pumping plant
against a standard which has been developed for
irrigation pumping plants. The standard perfor-
mance can be attained if all components of the
pumping plant are in good condition and have been
selected for efficient operation under conditions
existing at the specific pumping site.
1. Measure the pumping rate in gallons per minute
(gpm).
2. Determine the total dynamic head in feet.
a. Measure pumping lift in feet.
b. Determine discharge pTessure (psi) or dis-
charge head (feet).
c. Multiply discharge pressure (psi) by 2.31 to
change pressure to feet of head.
d. Add discharge head (feet) to pumping lift (feet)
to obtain total dynamic head or total head
while pumping.
3. Measured fuel consumption =
48 Mcf natural gas in 24 hours
Fuel used per hour = 48 Mcf + 24 hours
= 2 Mcf per hour
4. Water horsepower =
Gallons per minute x Total dynamic head
3,960
3. Determine fuel or energy consumption by power
unit:
Gallons per hour-Lp gas, gasoline, diesel
Kilowatt hours per hour-Electricity
Cubic feet per hour-Natural gas
4. Calculate water horsepower (whp) output.
whp =
Gallons per minute x Total dynamic head, in feet
3,960
whp 900 gpm x 411. 7 feet
3,960
93.6
5. Calculate water horsepower hours (whp hours)
per unit of fuel.
whp hours/unit of fuel =
Water horsepower
Fuel or energy used/hour
6. Compare actual performance of the pumping
plant against the performance standard in Table
2.
Table 2. Performance Standard *
5. Water horsepower hours/unit of fuel
whp
Fuel used per hour
93.6 whp
2 Mcf/hour
46.8 whp hours/Mcf natural gas
* Adapted from' 'Criteria for Appraising Performance of Irrigation Pump-
ing Plants" by Paul E. Schleusener and John J. Sulek, University of
Nebraska.
Fuel
Propane
Butane
Gasoline
Diesel
Natural Gas
Electricity
whp hours per unit of fuel or energy
6.89 per gallon
7.65 per gallon
8.66 per gallon
10.94 per gallon
66.7 per 1,000 cubic feet (Mcf)
0.885 per kilowatt hour (KWH)
6. Compare pumping plant performance with per-
formance standard.
Performance standard =
66.7 whp hours/Mcf natural gas
Actual performance =
46.8 whp hours/Mcf
= 70 percent of the performance standard
for natural gas-powered pumping plants
The following example shows how to apply the
evaluation procedure.
1. Measured pumping rate = 900 gallons per minute
2. Pumping lift = 250 feet
Discharge pressure (sprinkler system) = 70 psi
Total dynamic head
250 feet + (70 psi x 2.31 feet/psi)
250 feet + 161.7 feet
411. 7 feet
In this example, the actual performance of the
pumping plant tested is only 70 percent of the per-
formance standard which means that fuel consump-
tion could be reduced 30 percent if the pumping
plant were operating at the performance standard
level of efficiency. A pumping plant operating at an
efficiency level represented by the performance
standard would produce 66.7 whp hours of work
from 1,000 cubic feet (1 Mcf) of natural gas. The ex-
ample pumping plant would use 1.4 Mcf of natural
gas instead of the 2 Mcf measured in the test, as
shown in the following calculation.
Fuel consumption,
performance equal to the standard =
93.6 whp hours/hour of operation
66.7 whp hours Mcf
= 1.4 Mcf/hour
Actual fuel consumption = 2 Mcf/hour
Therefore, fuel wasted = 2 Mcf/hour -
1.4 Mcf/hour
= 0.6 Mcf/hour
At a cost of $2.00 per Mcf of natural gas, pump-
ing cost could be reduced $1.20 per hour (0.6 Mcf/
hour X $2.00 per Mcf). Annual savings which
could be realized by adjusting, repairing or replac-
ing inefficient pumping plant components can be
stimated from the hourly operating cost reduction
figure and the annual pumping plant operating
time.
Potential annual operating cost reduction =
Potential fuel cost reduction/hour X
Hours of operation/year
Example: Pumping plant operated 2,500 hours an-
nually. Potential fuel cost reduction
$1.20 per hour.
Potential annual operating cost reduction =
$1.20/hour x 2,500 hours/year
= $3,000
The potential annual operating cost reduction can
be compared with the estimated cost of adjusting,
repairing or replacing inefficient pumping equip-
ment to determine if improved operating efficiency
would be a profitable goal. In many instances, re-
pair or replacement costs can be paid in a short
time through reduced fuel or energy costs. Energy
conservation through more efficient use is an added
benefit.
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